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Kanoza sidiepae karomosy ponv y chopmyeanti gppaemonaac-
my npu uyumokeHesi, nop y nroemi, 6 HNpoX00xiCceHHI
MIKpocnopoeeresy, (DYHKUIOHY8AHHI 3GMUKAIYUX KAIMUH
npoouxie, y 3axXucmi pOCAUHHUX KAIMUH npu OIOMUYHUX
ma abiomuyHux cmpecax, momy ocobausa ysaea npuoine-
Ha @yHkyiam karo3u ma ii cunmesy. Kanozocunmemasa
AKMUBYEMbCsL 2AHKO3UOAMU, NOAIAMIHAMU, [OHAMU Kadb-
yiro, maeHiro, mapeanuro ma abcuuzosoro Kuciomoro. ITloni-
mopghiam eenie kanozocunmemasu (AtCalS1—AtCalS12),
04eBUOHO, 36 SI3aHUILL (3 pOCMOM KAIMUH, Oughepenuitoean-
HAM MKQHUH, @ MAKOJC 8I0N0GIO0H KAIMUHU HA cmpec.

Karouoei caoea: xanosza, naazmodecmu, nopu, KAimMuHHa
00010HKa, cmpec, aNONAACMHULL 600HUL MPAHCNOPM, Ka-
A030CUHmMemasa, 2eHu.

Beryn. Kanosa — niHiliHMIE aMopdHUIT moJjicaxapun
KJIITUHHOI 00O0JIOHKU, 1110 YTBOPEHU KiJIbKOMa COTHSI-
MM 3aJTMIIKiB TJIIOKO3U, 3’€IHAHUX B OCHOBHOMY f-1-3-
TJTIOKO3UIHUMM 3B’si3kamu (puc. 1) ta 1,6-3B’13Kamu,
SIKi MOXYTbh (hOPMYBaTH He3HAUHi rayyskeHHs [1, 2]. Llei
[JIIOKaH MOXe YTBOPIOBAaTU TBUHTOBUIHY CTPYKTYpY [3].
Kasoza Bigirpae Kjit04oBYy pojib Y MiXKKJTITHHHOMY BOJI-
HOMY TpaHCHOPTi, pocTi Ta AudepeHLianii KJIiTuH, 3a-
XMUCTi KJIITUH TIpY OI0TMYHUX Ta a0iOTMYHUX CTpecax. 3a
CTPYKTYPOIO Kaj03a POCAMHHUX KJIITUH MOMiOHA 1o B-
roKaHy 6akrtepiii (curdlan), Bogopocrteii (paramylon),
rpubiB i JuinaitHukiB (pachyman, lichenan). ¥ pizHux
TUMNAaxX KJIITUHHUX OOOJIOHOK LeW ToJicaxapui Binpi3-
HSIETBCS 32 CTPYKTYPOIO, MOJIEKYJISIPHOIO Macolo Ta THU-
IOM TE€HiB, 1110 €KCITPECYIOTh KaJl030CUHTETA3y |2, 4].
7151 CBOTO CHMHTE3y Kajao3a BUKOPHUCTOBYE CyOCTpa-
™ YID-rmoko3y Ta caxaposy, 110 0yJ0 BCTAHOBJIEHO
npu 3actocyBaHHi pamgioaktisHoi UDP — [U—“C]- nmo-
KO31M B yMoBax in vitro [5]. BoHa cuHTe3yeTbcs HE B
YCiX KJIITUHHUX 000JIOHKAX, 11 CUHTE3 y POCJIMHI € TKa-
HUHOCTICUM(PIYHUM SIK B JIMCTKAX, TaK i KOpeHsx [6, 7].
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Haiityacrine, He3anexXHO Bill KJIITMHU Ta TKAHWUHU B HOP-
Mi UM IIpM CTPECi, Kajo3a IMIOUMHAE CUHTE3YBATUCS B «IIEB-
Hiil TOYLIi» MMOBEPXHI LIMTOIIIA3MaTUYHOI MeMOpaHu, (op-
MYIOUM HEBeJIMKi pi3HMX (hOpM KalO3Hi cailTu, sKi 3a
OITUMAJIBHMX YMOB CUHTE3Y CHJIBHO PO3POCTAIOThCS [8].

ITpu pocaigxeHHi B eJ1eKTPOHHOMY MiKpPOCKOMi Ha
YIBTPACTPYKTYPHOMY PiBHI Kajo3a Ma€ BUIJISIA €JIeK-
TPOHHO-TIPO30PUX CTPYKTYp, a TpH YJIbTpadioleToBoMy
OIPOMiHEHHI — JOBTO-3€eJIeHY (PJIyopecleHIIio, 1110 iH-
IYKYETbCS (P1yopoXxpoMoM — aHiliHOBUM cuHiM [9, 10].

Kanosa y dparmonnacri. Kanosza cuHTe3yeTbes TIif
yac (hopMyBaHHS KJIITUHHOI TUIACTUHKKU B MPOLIECi LIUTO-
KiHe3y. TpyOuacToroniOHi Be3uKyJ/I1, 3aII0BHEHI KaJl03010,
3’€IHYIOThCS B LIeHTpi (pparmoriacty. [Ticas uporo Ka-
JIo3a IIBUAKO AErpaaye i 3aMiHIOETHCS LIEII003010, SIK
TUIBKY KJIITMHHA TUTACTMHKA TTOYMHAE POCTH i 3JIMBATUCS
3 0aThKiBCHKOIO KJIITUHHOIO obosioHKow [11]. Ha cun-
Te3 Kaj0o3u B KJITUHHIN IJIACTMHIII MOXYTh BILUIMBATU
MiKpOTpYOOUKH, SIKi HaMpaBJsiiOTh Be3WKYJIM, 3aITOBHE-
Hi Kajo3010 Ta OiIKOM (DparMoIiaCTUHOM, IO OYyJIo
HiATBEPMKEHO IHTIOITOPHMM aHAali3oM B CyCIEH3iHHIl
KYJAbTYpi KITUH Arabidopsis thaliana Ta Nicotiana taba-
cum (BY-2) [12]. Be3ukynu i3 (pparMoIuiaCTUHOM TpaHC-
TMOPTYIOTHCST B3MOBX MIKPOTPYOOUOK 10 KJIITMHHOI TUTac-
tuHKU. @parmoruiactud B3aemoie 3 YD -rioKo3ui-
TpaHcdepasoro, 00 BiH, K BBaXaloTh, € YaCTMHOIO Ka-
JIO30CUHTETAa3HOTO KOMILIEKCyY [2, 13].

Kano3a B nia3mozecMax ta cuToBHAHMX mopax. Ka-
Jlo3a BIIKJIAMAEThCA B IUIa3MOAECMax MapeHXiMHUX Ta
MEpPUCTEeMaTUYHMX KJIITUH JIMCTKIB Ta cTe0es st KOHT-
pPOJIIOBAHHST TPAHCHOPTY MOJIEKYJI i PeryJssiiiii CUMILIACT-
Horo TpaHcnopty [4]. Kano3a cTuckye miazmoaecMu i
TaKUM UYMHOM IIePENUHSIE TPAHCHOPT Yepe3 1li CTPYyK-
Typu B TKaHUHI [14], 1110 € CUTHAJIOM IJis 3MiH y pOCTi
kJtiTuH. KpiMm TOro, 1py 3aKpUTTi MJ1a3MOIeCM KaJo3010
BiIOYyBa€ThCA CUMILIACTAYHA 130JISILLisI KJIITUH, 11O TIPU-
3BOJIUTS JIO MiABUILIEHHST TYPTOPHOTO TUCKY Ta CIIPUSH-
HSI TIO3[I0OBXXHBOTO POCTY KJIITUH, 110 OyJIO MOKa3aHO Ha
KJiTuHax idopui credben 6aBoBHUKY [15]. DopmyBaHHS

61



[ |
H,OH
. CH.0 CH,OH
O)—o o CH,OH
H O,
\3 1 XL H 0);0
3 1 \ (0)
OH 3 H \
OH
H H
© H on OH
H OH

Puc. 1. 3aranbHuil BUMISIA YaCTUHU MOJIEKYJIM KaJlo3H,
1[0 CKJIAZAEThCS i3 3AIMIIKIB TJIOKO3U, 3’ €IHAHUX B-1-
3-INIIOKO3MIHUMM 3B’ s13KaMu [ 1]

KaJIo3u B IJIa3MOJieCMax CXOXe Ha OioreHe3 Kajlo3u B
Mopax CUTOBUAHUX TPYOOK, B SIKUX KaJlo3a BiIKIaJA€Th-
Cs1 BOCEHM IIpU 3aKPUTTi MOP, a BECHOIO MPU BiIKPUTTI
op Mo4YuHae JizyBaru [16].

Binomo, 1m0 nipu nudepeniianii CHTOBUIHUX TPYOOK
(ioemu cioyaTKy B 000J0HKAX YTBOPIOIOTHCS TJ1a3MO-
JIECMU, SIKi 3roJJOM PYHHYIOTbCSI, 1 Ha IXHbOMY MicClIi
YTBOPIOIOTHCSI CUTOBUIIHI TTOpH. JlOoCIiIKeHHST poJti Ka-
JIO3U B 1IbOMY TIpOlIeci MoKa3ano, 10 BOHA CMOYaTKy
BiIK/1aJa€THCS HABKOJIO TIA3MOIECM, TTiCJISI IXHBOT JECT-
PYKIIii yTBOPIOETHCS ITOpPa, OTOUEHA KaJl03010, sIKa Bimi-
rpa€ CyYTTEBY POJIb y PETyJIsllii TpaHCIOPTY Yepe3 CUM-
miact [10, 17]. Kanosza 3anydyeHa He TiIbkU y (popMyBaHHSI
MOp B CUTOBUAHUX MJIACTUHKAX, ajie i B IXHE 3aKPUTTSI.
CamMe TaKMM UMHOM Lieii ToJjticaxapu/ Bifirpa€ BaXXJIMBY
pOJb y BHYTPIIIHBOKJIITMHHIN KOMYHiKallil opraHiB Ta
TKaHUH pociaunu [10].

Jlokamizanist Kax03u B 000JIOHKAX 3aMHKAIOYHX KJTHH
nponuxiB. Kano3y BusiBJieHO B 000JIOHKAaX 3aMUKAKOUYNX
KJITUH MPOAMXiB MOKPUTOHACIHHUX Ta nanoporeit [18].
Binomo, 110 mpoauxu peryaiolTh Ta3000MiH MiX Ha-
36MHMMH OpraHaMK Ta OTOYYIOUMM CEPEIOBUILEM i Bifli-
rpaloTb KPUTUYHY POJb Y BOIHOMY CTaTyci Ta ¢oro-
cuntesi [19]. CuHTe3 Kano3u BigOyBaeTbcs Min 4ac
pocty Ta audepeHLialii 3aMUKarOUUX KJIITUH TTPOAUXIB.
BinxnananHs xano3u B 30Hi audepeHuiaLii BeHTpaIbHOL
Ta MEepUKIiHATbHOI 000JIOHOK TIOpY TIPOAMXIB Asplenium
nidus ta Ophioglossum petiolatum BinOyBa€eTbCsS y BUIIISIII
pamiaJbHUX TTy4KiB MapajebHO HaIpsIMKY MikpodiOpu
nesonosu [20, 21]. CuHTe3 i nerpaaaliisi 30BHillIHIX Te-
PUKJIiHAIBHUX OOOJJOHOK MPOAMXiB 30ira€Thbcs i3 CUH-
TE30M Ta Jerpajaliclo Kajao3u B 000JIOHKaX, 110 (op-
MYIOTb TIOpy Tpoauxy. JOCHimHUKYU MPUITYCTUIU, WIO
MiKpOTPYOOUYKM KOHTPOJIIOIOThH BiKJIaJaHHS KaJo3W 3a
aHaJIOTIEID KOHTPOJIIO BiAKIagaHHS MiKpodiOpui 1e-
sonosu [18].

Jlokamjizamisi Kajo3u B KJIITHHAX TeHEepaTUBHUX Op-
radiB. B mpoieci MikpocrnoporeHe3dy Kajo3a Ha IIO-
yaTKy npodasu TMOUYMHAE BiAKIAmaTUCS B OOOJOHKaX
MaTEepPUHCHKMX KJIITUH Mikpocnop. Brpomosx Mikpo-
CMOPOreHe3y MPOLEC CUHTE3Y Kajlo3M IMOCTYIOBO MpPO-
rpecye i mocsirae MakCMMyMy Ha cTanii popMyBaHHS
TeTpaj, MiKpoCrop, B pe3yJbTaTi 4Ooro 00OJOHKA KOX-
HOI MiKpOCITOpY MIiCTUTh TOBCTUI Kaylo3HMUH 11ap. [1pu
BUBIJIbHEHHI ¢(hOPMOBAHUX MIKPOCIIOp i3 TeTpaj Kajo-
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3a Ji3ye [22—24]. IlopylleHHsI CMHTe3y Kajo3u IIpu
MiKpOCIIOpOreHe3i MPU3BOAUTH 10 iCTOTHUX BiIXUJIEHb
y dopmyBaHHi 4ojoBiuoro ramerodiry [25]. Ilpu rame-
TOreHe3i Kajo3a B O00JIOHKax MiKpocmop po30yxae,
CMIPUYMHSIE TAKUM YMHOM YTPUMYBAHHSI BOJU, 1110 3HU-
KY€ TPOHMKHEHICTh 000JIOHKM [26] i 3axuiae Mikpo-
CIIOPH Bil Jii OTOYYIOUOTro CepeaoBHUIIIa.

Kanosa takox BUSIBISIETbCS i B HaciHHi. Yepe3 35
ni6 micast movaTky UBIiTiHHST Cucumis melo HaBKOJO
eHaocrepMy (OpPMYETbCSI KIIITMHHA OOOJOHKA, IO
cKilagaeThes 3 Kanosu. Ilig yac momamaHHsI HaCiHHS Y
BOJy Taka 000JIOHKA JIETKO MPOMYCKA€E BOMY, CIIPUSIOUN
OCMOTUYHOMY PO3TAry. fKIIO XX Ha HACiHHS IMOMISITU
depmenToM B-1,3-TI0KaHa3010, 110 Ji3yE Kajuosy, TO
KJIiITUHHA 000JIOHKA BTpavyae 31aTHICTh 10 OCMOTUYHOIO
postsarHeHHs [27]. Le cBimuuTh mpo y4yacTh Kajo3u B
PO3TATYBaHHI KIIITUH.

AdioTiunmii ctpec. Kanoza cuHTe3yeTbcsl B KINTUHHUX
000JI0HKaxX He TiTbKM B HOPMi, ajie il 3a CTPECOBMX YMOB.
3aBasgKU BiIKJIAAAHHIO KaJ03U YU iHIIMX ToJlicaxapuiiB
i OUIKiB y KIITUHHiA OOOJIOHLII YTBOPIOETHCS HaIliB-
MpoHUKalua CTPyKTypa, sKa 3abe3reuye MOXKJIMBICTb
KOHTPOJIIOBATU TPAHCIIOPT BOAW Ta BOJHUX PO3YMHIB.
Lle cTBOpIOE MEBHMIA 3aXMCT POCIMHU MpU cTpecax. I1in
yac TOCYXM B CHUTOBMAHUX TPyOKax (oemu crocrte-
pirajii 3HWXXEHHSI TPaAHCTIOPTY BOJHWX PO3YMHIB, SIKE
CYIIPOBOIKYBAJIOCH 30iIbIIEHHSIM BiIKIagaHHS KaJlo3U
[28]. AHayoriuHi mpoliecu 3a3HauyeHi i mpu Oil CrieKu
[29] ta xomomy [30]. IMomipHuit BomHui nediuuT BuU-
KJIMKa€e 30UTbIIEHHST BMICTY KaJlo3W y TeTpajaxX MiKpo-
CIIOp Yy IPOLIECi MiKpOCIIOpOreHe3y B CYXOMUIBHMX POC-
nuH Sium latifolium y NOpiBHSIHHI i3 BMICTOM KaJlo3u B
TeTpaaax MOBITPSIHO-BOAHUX POCIWH LIbOTO BUmy [24].
ABTOpM BBaXaroTh, 10 TaKi 3MiHU MOB’sI3aHi i3 3axucC-
HOIO POJUTIO KaJI03! Bil BATPAT BOJIOTH.

Ilin yac rimokcii y BTOpMHHUX O0OJOHKaX KOpEHiB
Triticum aestivum TaKOX CITOCTEpIrajgoch BigKJaaTaHHS
kayo3u [31]. Yoruproxmo0oBa TiMOKCiss BUKIIUKAaIA I10-
CWJICHHSI CMHTe3y Kajio3u (Ha 58 %) y KJIiTHHaxX eHmIo-
JIepMU Ta MEePULIMKIY B 30Hi KOPEHEBUX BOJIOCKIB IPO-
POCTKiB TIILIEHMII, TOMdi SK aHOKCisl HE CIpUYMHSLIIA
MOAIOHUX 3MiH TPU TMOPIBHSIHHI 3 TTOKa3HWKAMU KOHT-
POJBHUX IIPOPOCTKiB. 3MiHM B CHHTE3i KaJlo3U CYIpPO-
BOJIKYBaJIMCSl 30iIbIIEHHSIM BMICTY LI€JIOJIO3U Ta IO-
TOBIIEHHSM KJIITUHHUX O0OJIOHOK, 1110, OYEBUAHO, MO-
B’SI3aHO i3 MMOCWJICHHSIM MeXaHIiYHOI MIIITHOCTi OOOJIOHOK,
AKTUBAIIIEIO TPAHCIIOPTY Ta aKyMYyJISILIii 3aracHUX BYTJIe-
BOJiB JUISI TIONAJIBLLIOTO IXHBOTO CMOXMWBAaHHS, a MOX-
JIMBO, i BUKOPUCTAHHSI B IIpoliecax IIiKOJi3y.

HasBHicTh BaxKKMX MeTaJliB y TPYHTI HABKOJIO KOpe-
HEBOI CUCTEeMU TaKOXX MOXe BUKJIMKATH CUHTE3 KaJlO3U
BXe yepe3 1 rom mii 3abpymHeHHs1 [32]. IlocuneHwmii
CMHTE3 KaJlo3U BUSIBJICHO B KiiTuHax Lemna minor [33]
Ta TIpoTOoHeMi Funaria hygrometrica [34] y Binnosinb
Ha HasgBHIiCTh cBUHLO. [lomiOHmit edekT ommcaHo i B
KYJABTYPHUX CiIbCbKOTOCTIONAPCHKUX POCIMH Ta TUKHUX

BUJIiB POCJIMH MPU il iOHIB aJlfOMiHil0, 30Kpema y Triti-
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cum aestivum 7], Arabidopsis thaliana |35], Glycine max
[36] Ta Zea mays [32]. KanosHi BigkjaamaHHSI 3axMIla-
I0Th TUTa3MaJieMy ¥ MPOTOTUIACT BiJl MTPOHUKHEHHST Me-
TaJiB i OOMEXYIOTh iXHIO KiUIBKICTh y npoTtorutacTi [37].
Pazom 3 TuM BinkiaagaHHS B OOOJIOHILII MOXYTb CTaTu
iHTi06iTOPOM TpPaHCHOPTY MO CHUMILIACTY KOpPEHS, IO
MPU3BOJNTD 10 TIPUTHiIYEHHS ioro pocty [7]. Binkna-
JIAHHST KaJIo3W B KOPEHSAX MOXE CIYXUTH iHIMKATOPOM
3a0pydHEeHHSI Ha BaXKi ioHU. TOKCHYHICTH aJIOMIiHiIO
NPU3BOAUTL 0 pyHHALil LIMTOIIa3MaTUYHOI MeMOpaHU
yepe3 MepeKWCHE OKMCIEHHS JIIimiB, TOHi SK iOHU
KaJIbIIi{0, IPOHUKAIOUN B KIIITUHY, TTPUCKOPIOIOTH CUH-
Te3 i BimkIamaHHS Kajao3u [6]. BMmicT Kano3u B 060JI0H-
Kax KOPEHIB 3aJIeXUTh Bill BUAY W 103U TOKCUYHOTO
MeTany. |HIyKTOpOoM CHUHTE3y Kajlo3W CTalTh MeTaslu.
B xonnenrpauii Big 0,1 mo 0,5 MM 11e crocyeThest Ni,
Co, Cr, Mn, Pb, Sr, Bin 1 1o 4 MM — Cd Ta Al [38].
Bucoki no3u TakMx MeTaliB TOKCHYHI [JII POCIWHM.
BoHu MOXyTb BIJIMBATH i Ha TEHU KaJIO30CMHTETA3HOTO
KOMIIJIEKCY a00 X OiaTu sK emicuropu [39, 38].

Biorwunmii crpec. [Ipu BpaxkeHHiI maTroreHaMu M IIpU
MeXaHiYHOMY MOpaHEeHHi JUCTKIB Ta cTe0es yxXe dyepes
KiJIbKa XBUJIMH B €TliIepMaJIbHUX KJIITUHAX CUHTE3YEThCSI
Kajo3a. [HTeHCUBHICTb (hOpMYyBaHHS Kajo3U 3aJ€KUTh
BiZl BUIy TaToreHa, TUIy TKAHWUH Ta opraHa POCIWHM-
xasstiHa [40—42]. IIpu naTtoreHesi kajno3a ¢GhopMye Ha
MOBEPXHi KJIITUHU KaJO3HY Mariiy, 110 SIBJIsSE CO00I0 Y
Mepiy 4yepry MexaHiuHuii 6ap’ep Mix 00O0JOHKOIO Ta
mwiasMajiemoro. KpiM 11poro, y KITHMHAX MOYMHAIOTh CUH-
Te3yBaTUCs (iToaTeKCUHU, aHTUMIKpOOHI TOKCUHU, (e-
HOJIbHI PEYOBMHM, TIEKTUHHU, LETI0JI03a, CYyOeprH, JIilTi-
1, KpeMHiil Ta crietuivHi aas obosoHku 6inku [43].
Kano3a BigkiIagaeTbcsl HE TIJIBKM B3I0BX OOOJOHKU,
aje i y miamojecMmax, 3aKpMBalOuM LUISIX TPAHCIIOPTY
MaToreHa i3 KJIiTMHU B KJIiTMHY. TakuM Criocobom Kajosza
3arobirae MpoHUWKHEHHIO OakTepiit [44], maroreHHUX
rpubiB [45], koMax [46], Hemarton [47] uu BipyciB [48] y
KJIiTUHY-Xxa3s1iHa. CMHTEe3 Kajlo3u Npu iH(iKyBaHHI MO-
K€ BiIOyBaTUCS Jy3Ke IIBUIIKO.

Tak, y nuctkax ssuMeHo, iH(piIKOBaHUX TJbOIO, BXKe
micyas1 mepioi o0 iH¢IiKyBaHHSI BUSBWIM 3HAYHI BiI-
KJaau KajJo3u B CHUTOBUAHUX TpyOKax, Ija3MojaecMax
Ta 000JOHKaxX MNPOBiAHMX MyukiB JucTKiB [41]. Tlpu
rnaroreHe3i 30iJbIIYETbCS KOHIIEHTpalliss a0CIMU30BOI
KUCJIOTH, 1110 CTPUMYE TPAHCKPUIILiIO TeHiB B-IJII0OKa-
Ha3W, aKTUBYE TPAHCIOPT KaJO30CUHTETa3u 10 CaMTy,
Jle MaTOreH arakye KJITUHY Ta BUKJIMKAE aKTHUBALlilO
3aXMCHUX BJIACTUBOCTel pociauHu [49]. 3a maToreHe3y
B KIITMHAX-Xa3sIsIX CUHTE3YETHCSI OJIrorajakKTypOHim-
HUM eJicuTop, SIKUK COPUYUHSIE 3MiHU B LIUTOILIA3MI:
30UJIBIIEHHS] BMICTy iOHIB KaJbllil0 Ta 3HWXEHHS pH
nuroruiasmu [50].

@ynknii kanosu. OyHKIIT TosTicaxapymy Kamosu pis-
HOMaHITHi, BOHM 3ajiexaThb BiJ Micls 1i JJoKamizalii B
KJIITUHI Ta TAMY TKaHWHU. Y TIa3MOJEeCMax Ta CUTO-
BUIHUX MOpax Kajao3a Peryjloe TPAHCIIOPT BOAW Ta BOJ-
HUX PO34YMHIB MixX KiitnHamu [10]. Y 3aMuKaoumx Kii-
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TUHAX TMPOAUXIB Kajo3a Oepe yJyacTb Y BiIKPUTTI Ta 3a-
KpUTTi iponuxis [21].

[Tpu natoreHesi amopdHa kajnosa, hopMyloun Ka-
JIO3HUI KOPOK B KJIITMHAX erinepMicy, cTae 6ap’epom
MiX MaTOreHOM Ta KJIITMHOIO-Xa3s[iHOM, POCIMHHA KITi-
TUHA BUKOPHCTOBYE KaJlo3y SIK «pO3TiKalouy 3amasKy»
(leak sealant) B 30Hi aii maToreHa Ha 000JOHKU KJIITUHU -
xazsiHa [51]. Kanoza aHasoriuHo 10 1e/1101031 Bifirpae
1 MexaHIYHY poJib y KJIiTMHAaX, 110 OyJ0 IMOKa3aHO Ha
000JI0HKAaX IIPOPOCTaounX NUIKOBUX Tpyook. ITnnkosa
TpyOKa 330BHi MICTUTh 2—3 IIapd TEKTOLEIIOJIO3HOI
000JIOHKM, BHYTpIIIHIi IIap sIKOI € KaJo3HMM. Taka
000JI0HKA CTiliKa IO PO3TIATyBaHHS Ta KOMIIPECYIOYO-
ro crpecy [52]. JlocmimKeHHSI MeXaHiYHUX (DYHKIiA
KaJIO31 TIPOBOIMJIM MiA Yac Mii pi3HOMaHITHMX CTpPECiB
i3 BUKOpPUCTAHHSAM (PepMEHTATUBHOTO JIi3UCY Kajo3u B
MOUJIKOBUX TpyOKax Solanum chacoense ta Lillium orien-
talis [53]. Tlpu (pepMeHTaTUBHOMY BMIAJECHHI KajlO3U
MUJIKOBI TPYOKM 30iiblIyBaayd HE3TMHHICTh a0 177 =+
+ 14 %. ABTOpPM TIPUWLIIM OO0 BUCHOBKY, IO Kajo3a
BIITIOBiZA€ 3a THYYKICTh KJIiITWUH, BOJIOMI€ CTIMKOIO 31aT-
HICTIO OO HAIpPYXEHOCTi Ta CTUCHEHHS Il 4yac Me-
XaHIYHOTO CTpecy, TOOTO LEi TmoJjiicaxapul 3HUXKYE
TBEPIICTh Ta 30UIBIIYE €JaCTUYHICTh KIITMHHUX 000-
noHoK [53]. V Boxi xano3a HaOpsiKa€e B IIICTh pasiB, y
TaKOMY CTaHi BOHA 4epe3 LUiJIbHE CTY/ISIHHS TigpaTHUX
000JI0HOK C1a00 MPOMyCcKae BOAY, TOMi SIK iOHU Kallb-
Lil0 BUKJIWKAIOTH 3BOPOTHUII e(PeKT — pO3CIadisIoTh
CTUCHEHHS TIIIOKaHy Ta MiABUINYIOTh 3MaTHICTH 000-
JIOHKHU 0 TPaHCIIOPTYBaHHSI BOAHUX po3uMHiB. [ToaioHi
edeKTU BiIOyBarOTHCS i MIPU Pi3KKUX 3MiHAX ONTUMAaJIbHOI
JUUISL POCJIMHU TeMIIepaTypy Ta OCBIiTJIeHHS [54].

Peryasiisi cunre3y kano3u. Peryisiiis cuHTe3y Kajo-
34 MpUBEpPTAE yBary 0OaratboxX y4yeHux, 00 ILieil Mmoui-
caxapuj BHOCUTb 3HAUHUI BKJaJ B 3aXHUCT POCIUHU
Nnpu il pisHUX cTpecopiB. MexaHi3M HaKOMUYEHHS Ka-
JIO3U KOHTPOJIIOETLCS PiI3BHOMAHITHUMU CUTHATbHUMU
LIUISIXaMH1 B 3aJIEXHOCTI Bill OTOUYIOYMX YMOB a00 X Bif
Iii maroreHiB. BaXJMBMM KOMMOHEHTOM CHUTHali3allil
CUHTE3Y KaJlo3u B JIESIKUX POCIUH € iOHM Kajbllilo Ta
BaKyOJISIPHUI TIIFOKO3UIHUI akTUBaTOp — B-hypdypmii-
B-rmoko3ua [55].

3a goromMororo O6ioXiMiYHMX METOMIB AOCHiIXKEeH-
Hs1 KiHeTuku epmeHty 1,3-B-D-rmokaHcuHTeTa3n Ha
MeMOpaHHii ¢pakiii 3 TpopocTKiB Beta vulgaris BcTa-
HOBJICHO ONTUMYM aKTMBHOCTI Lboro ¢epmeHty (pH
7,5) i BMSIBIIEHO, 1[0 MOTr0 aKTUBHICTh 3aJIeXKUTh Bil
JBOBAJICHTHUX KaTioHiB [56, 57]. [Tpu HasgBHOCTI y ce-
pemopuuti 1 MM CaCl, akTUBHICTb KaJlO30CMHTETA3U
30inpiryBanacst y 50 paziB. Taki kationu, sik Mg?™ ta
Mn?* (1—3 MM), 30iUTBIIYBaJIM aKTUBHICTH TiTbKM Ha
30 %, Tomi sk K* — yaBiui [56, 57]. TlokaszaHno, 110
xesiatropu ioHiB kanbuito (EJATA, EI'TA), coni slaHTany,
a TaKOX HEHACHUYEeHi XMPHi KUCJIOTHU iHTiIOYIOTh aKTUB-
HiCTh Kajio3ocuHTeTasu [39, 58].

CuHTe3 Kajio3n 0e3MocepeiHbO 3aJIEKUTh Bifl CKJla-
Iy TJIOKO3UIiB y CEePeAOoBHUIIl, 1110 OYyJI0 JAOBEAEHO Ha
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Puc. 2. Mogenb Kajno30CMHTETa3HOTO KOMILIEKCY poc-
quH [3]. CyOGoauHuIl KaJo30CHHTETa3n MICTATh 16
TpaHCMeMOpaHHUX 3aBUTKIB, SIKi 3TpyMoBaHi y ABi 30-
HU, IO PO3AiUIEHI MiX CO0O0I0 LEHTPAIbHOIO METJIEIO.
Komrmuieke Takox mictuts ¥YAd-rmoko3orpaHcdepasy,
caxapo30CUHTeTa3y Ta aHEeKCUH

(pakiiii MemOpaH 3 KJIITUH OypsiKy. 30UIbLIEHHSI CUH-
Te3y MIIOKaHa B KiJbKa pasiB 3ajexalio Bill TUIY TIIO-
Ko3uny. BctaHOBIeHO HACTYIHY MOCIiIAOBHICTD il TJTI0-
KO3MIiB: JNamiHapubo3a > 1ejo6io3a > reHIno0io3a
> METUJI TJIIOKO3UI > IJII0KO3a > MajbTo3a > JIAaKTO3a
[57]. IlpumyckaioTh, IO ILi IYKPW BigirpaloTh IEBHY
pOJb Y MOMOBXEHHI JIAHIIOTIB KajJ03W 3 HepeayKoBa-
HOTO KiHLS.

Bupuatouu iHmykuito GiocuHTe3y 1-3-B-miokaHy y
KYJbTUBOBAHUX KJIITUHAX COi, JOCIIAHUKM BCTAHOBU-
JIY, 10 MpPH Ail Ha HUX TaKUX MOJiaMiHiB, SIK CIIEPMiH,
cnepMiauH, moJi-L-opHiTUH, LUTO3aH, XiTo3aH abo
MnoJli-L-J1i3uH, MOYMHAETHCSI TOCUJICHUI BIlTIK 3 KIIITMH
MoTiKaTioHiB i Bxim y kimitmHy Ca’*, mpu 1boMmy IyXe
pi3KO MOCUJIIOEThCST cuHTe3 Kamo3u [58]. Ilpumycka-
I0Th, 110 aKTHBallisl BiAOYBAa€TbCS Ha BHYTPIllIHIM IMO-
BEpXHi IUIa3MaJleMH, [Ie TIoiaMiHi B3aeMomitoTh i3 Ca?*,
KUl akTUBYE 1,3-B-D-rIloKaHCUHTETa3y.

3a mormomoroto MideHoi (U—'*C)-caxapo3n B KOH-
neHTtpauii 5 - 10°° M Ha BoJlokHaX 6aBOBHUKY Gossipium
arboreum L. BCTaHOBJIEHO, 110 (HITOrOPMOHU (B KOH-
neHTparii 5—50 - 10 M) nitoTh Mmo-pi3HOMY Ha CUHTE3
kano3u: ABK crumymioe 3aranbHe BKIIOYEHHST SIK Y
Kajo3y, Tak i y uemwoinody; 10K i ribepenoBa kuciaora
HE MiI0Th Ha BKJIIOYEHHSI MIiTKM B CUHTE30BaHy Kajo3y;
KiHeTHH 37IerKa iHTiOye cuHTe3 Kaiosu [59, 60]. Kpim
uboro, pH uuronnasMu TakoxX BILIMBA€E Ha el MpoO-
mec. IligBuieHHS CHUHTE3y Kajo3u Yy KIiTMHAX CyC-
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MEH31iHOI KyJbTypU STYMEHIO MPOSIBIISLIOCS MPU 3HU-
KeHHi pH muToruiasMu i CyrnpoBOIKYBaIOCs BUXOI0M
B-dbypdypui-B-raoko3umy 3 BaKyoJli, B SIKili BiH aKy-
mynoBaBcs. BenmumnHa pH, sk i BMIiCcT iOHIB KaJbllito
B LIMTOILIA3Mi, 3MiHIOIOTh KOH(OpPMAallil0o Ta aKTUBHICTb
KaJIO30CUHTETa3HOTO KOMILJIEKCY, 1110 TMPUBOAUTH [0
30iJIbILIEHHS] CUHTE3y Kajao3u [55].

3MiHM B ckiafi (ocdodimiaiB MuTOomIa3MaTUIHO1
MeMOpaHU MOXYTb BUCTYNaTu €(peKTOPOM CUHTE3y Ka-
no3u [58]. HemaBHO BCTaHOBJIEHO, 110 CHUJIbHE OCBIT-
JIeHHsI, (DITOTOPMOHU Ta BTOPMHHI MeTaboJiTH (Tpu
MaTOTeHHIN aralli) TakoX aKTHUBYIOTh CHHTE3 KO3
[60—62].

[IpunyckaioTsh, 1110 IJIa3MajieMa Ma€ MOCTIHHUMA pi-
BeHb HEAKTMBHOI KaJ030CHMHTETa3u, sIka aKTUBYEThCS
qmie pu crpeci [4]. Ilepmni BigkiamaHHS HOBOCHUHTE-
30BaHOI Kajl03U BiIOYBaIOThCS Ay:Ke IIBUAKO (Bil Kijlb-
KOX XBWJIMH 10 KiJIbKOX TOIMH) IiCJs1 MOYaTKy MHii iH-
nyktopa. PazoM 3 TMM JecTpyKilisi KajJo3u MOXe T0-
YyuHaTUCI TakKoxX 4depe3 5S—10 XB Tmicisl MmovyaTky TOII-
KOJKEHHSI TKAaHWHU [62] a00 X yepe3 KiJibKa JHIB IiCs
BTOPrHEHHS matoreHa [63].

LIBunkuit cuHTE3 Ta Oerpaaalis LbOro IoJjicaxa-
pUIy BKasye, 110 MOro CUHTE3 PEryJloeThCsl Ha PiBHi
OiNKiB, TOOTO BimOYBa€TbCsl BUBLIBHEHHS YW 3B’S3y-
BaHHSI OKPEMUX OJMHUIIL KAJO30CUHTE3YIOUOro KOMII-
JIEKCY 3aMiCTh MOTO CUHTE3y de novo [64]. B iHTakTHUX
KJIITUHAX Kajio3a JIOKAJ3YEThCS B TEBHUX JiJISTHKAX
000JIOHKM, TIPOTE€ MPU CTpeci KITUHU MOXYThb (hop-
MyBaTU 1Iell MoJlicaxapun II0 BCiii MOBEepXHi KIITUHMU.
IIpu ximMiyHiM iHAYKIHT IIBUOKICTH BiIKJIagaHHS Kalo3u
MOe OyTU Pi3HOIO; MPUITYCKalOTh, 110 IUIa3Majema Il
yac IHAYKIii CHMHTEe3y Kajo3W Bil il XiMIYHUX pPEYOBUH
Yy iOHiB MOXe pyitHyBatucs [39]. ¥V BUILIMX pOCIUH Ta
BOJIOPOCTEM MiA 4yac cTpecy BiAOYBAETbCS IOCWICHMIA
CUHTE3 KaJlo3U, 110 CBiIYWUTHL MPO JOCUTb BMCOKUI
KOHCEPBAaTUBHUI MEXaHi3M DETYJSILil aKTUBHOCTI Ka-
JIO30CUHTETA3HOTO KOMILIEKCY [39].

Kanozocunreraza. CrHTe3 Kano3u KaTali3yeETbCsi KOM-
wiekcoM (epMeHTIB, SIKi 3B’s3aHi i3 LIMTOIIa3MaTHY-
Hoto MemOpanow (puc. 2) [3, 11]. KnouyoBuii kKom-
HOHEHT (epMEHTATUBHOTO KOMIUIEKCY — 1€ KaTali-
TUYHA CYyOONMHUIIS, 1O BioMa $IK KaJlO30CHHTETa3a
(CalS; K® 2.4.1.34; YId-rmoko3sa: 1,3-B-D-rmoko3ui-
TpaHcdepasza) [10]. IHIII KOMIOHEHTH (epMEHTATUB-
HOTO KOMILUIeKey BKIo4aloTh YM-riaoko3oTpaHche-
pazy (UGTI1) [11] ta caxapo3ocunTtetasy (SuSy) [65],
sIKi 3a0e3meuyioTh KIiTuHy Y®-T110K03010 AT CHH-
Te3y Kajodu. YJID-rmoko3oTpaHcdepasza 3B’SI3yETbCS 3
iHImmM OinkoM, 1o HasBaHuii Ropl [13, 11]. Komeke
KaJI030CUHTETa3M TAKOX MICTUTh OiJIOK aHEKCUH [66],
SIKWAM TIepeKITI0Ya€e CUHTE3 KaJo3W Ha CUHTE3 LETI0I031
B 3aJIEXKHOCTI Bif BMicTY ioHiB Kanb1io [11]. basyounce
Ha ceAVMEHTallii ouunileHoi Kajo3ocuHTeTasu, Hong et
al. [13] BusBMIM HaASBHICTD IlI€ KiTbKOX iHIIMX OiJIKiB,
3B’S13aHMX i3 Kaj030CHMHTeTa3010. MyHKIT LuX OLIKiB

3ajydyeHi 10 KOHTPOJIIOBAHHSI aKTUBHOCTI KaJl030CHH-
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TeTa3u, 30KpemMa, y BiIIOBiAb Ha OIOTUYHI Ta abiOTUYHI
curHanu. Bimomo, 1110 Kajlo30CHHTETa3a 3B’SI3YEThCS i3
MeMOpaHHUM OiJIKOM, SIKUI JAyXe CXOXMI Ha aHEKCHH
Ta miporeinkiHazy C [66]. Takuil aHEeKCUHOIMOMIOHMIA
6inok mae GTPa3Hy aKTMBHICTb, siKa iHTiIOyeThcs Ca?*
Ta ctuMmymoetbes: Mg?* [67]. TIpote pekoMGiHAHTHUI
aHEKCHMH He BIUIMBa€ Ha akTuBHicTh CalS, sika pery-
JIIOETHCS i0oHaMU MarHito. Bimomo, 1110 Ropl mMoxe Takox
npocropoBo akTuByBaTu CalS, (parmMorniacTuH akTHU-
Bye 1eil ¢epmeHT nedparMeHTanicro (YIIiTbHEHHSIM)
BE3UKyJ y Tpyoku [68], opmyiouu KIITUHHY IuIac-
TuHKY [11]. JlonmoMixHe 3B’s13yBaHHS OiIKiB MOXeE Bil-
OyBaTuCSl 3a JOMOMOIOIO0 CIeUMdIiYHOro 3B’SI3yBaHHS
3 rigpodinbHuM mueidgom CalS abo k i3 mpoJiiH-
30arauyeHUM JOoMeHOM Y 30Hi N-tepmiHany. [logasblie
PO3CiyeHHs pi3HUX 30H Yy TinpodispHOMY LuTelidi Oinka
KaJIO30CUHTETa3u HeoOXigHe il BCTAHOBJEHHSI TOY-
HOI TOMOJIOTii KOMIUIEKCY i BU3HAYeHHS DYHKIIiT KOX-
HOTO JIOMEHY Ta iX (byHKILIOHAJbHOTO 3B’S3Ky B Ka-
JIO30CUHTETAa3HOMY KOMIUIEKCI.

BcraHoBeHO, 1110 YaCTKOBO OUMILIEHA KaJlO30CHH-
TeTasza MIiCTUTh 6—9 OCHOBHUX TOJIIMENTUIIB i3 MoJie-
KyJIIpHOIO Macoio Bim 25 mo 92 xla [69, 70]. Crucok
KOMITOHEHTIB KaJ030CUHTETa3HOro (hepMEHTaTUBHOIO
KOMILJIEKCY MOCTiAHO 30iIbIIYETHCS, BiH 3aJI€XKUTh Bil
KJIITUHHOI JIOKaJIi3allii Ta THITy KaJo30cuHTeTa3u. Tomy
iCHy€e KiJIbKa MomeJieil CKIaay KaJO30CHHTETa3HOTO KOM-
iekcey [2, 3].

3rimHo 3 MozesuTo XOHra i3 criBaBr. [2, 13] hepMeHT
KaJIo30CHHTEeTa3n 1 — 1e TpaHcMeMOpaHHUIA OiJIOK, IO
MICTUTh KiJIbKa KOHCEPBAaTUBHUX AUISIHOK (puc. 3). bi-
JIOK CKJIagaeThes i3 16 3aButkiB. Ha N rinpodizbHOMY
KiHIIi — TepMiHaJi, 1110 Ma€ y CBOeMy ckiiafi 481 amiHO-
KUCJIOTY, BIiZICYTHSI CUTHaJIbHA pO3LIETIIOYa TOCHTi-
nmoBHicTh. [lpumyckaerbes, 1o rigpodinbHa N-Tepmi-
HaJlbHA TIOCJIIOBHICTh KaJlO30CUMHTETa3u 1 € 1uTo-
m1a3MaTruyHolo. TpancMeMOpaHHI JOMeHHU, 110 3i0paHi
y JBi 30HU i pO31ijeHi BEJIUKUM TinpodiibHUM dOMe-
HoM (779 aMiHOKUCJIOT), TIOBEPHYTI OO LUTOILJIa3MU.
OcranHiii nwieitd, 1o 3B’s13aHUil i3 TpaHCMeMOpaH-
HUMM CHipaJIsIMU, € BiTHOCHO KOpOTKuUM (Bix 3 mo 54
3aMuiKiB) [71].

BpaxoBytouu, 1110 Kajlo3a CUHTE3YEThCS B Pi3HUX Op-
raHax pociauHu [72], a TakoxX Te, 10 Lei (GepMeHT
BIMOBia€ Ha CUTHAIU PO3BUTKY POCIMHM Ta CUTHAIU
CcTpecy, NOCTINHUKA TPUITYCKAIOTh iCHYBaHHSI YHUCJIEH-
HUX i30opM (epMeHTy, SIKi CKJIaJarThCsl i3 Pi3HUX
KOMIIJIEKCIiB Ha KOXKHOMY caiiTi (opraHi).

®daxkr, 110 BCi POCAMHU, BKJIOYAKOYM i BOMOPOCTI,
Ha JIi10 TTOpaHeHHs BiAIMOBiAAIOTh YTBOPEHHSIM Kajo3U
[73], nomyckae HasIBHICTh 3aKOHCEPBOBAHOTO CUTHAJIb-
HOTO MUISAXY, SIKMI peryaroeTbcs Komruiekcom CalS.
Perynauisa ingykuii CalS nipu mopaHeHHi orocepeako-
BaHa G-OinkaMM, IJIsI SIKMX Bigoma TOCHiTOBHICTb re-
Ha AtCalS1 [2]. Kinbka MoOJieKyJl aHEKCUHY, SIKi Bifl-
MOBiNAIOTh Ha 3MiHM KaJbllieBOro OajlaHCy, 3B’s3aHi 3

Kaaosa: aokanizauyis, pynkuyii ma cunmes 6 pocauHHux KAimunax

KaJI030CUHTETA3010 [66].
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Puc. 3. Monens ¢epmenTy KanmozocuHTeTazu 1 (CalS1)
[2]: @ — rinpodoOHa 3a1eXKHICTh BCTAHOBJIEHA METOIOM
Kyte-Doolittle, TMC1 ta TMC2 — 1ie TpancMeMOpaH-
Hi kjactepu 1 Ta 2; 6 — Mozeb-cxeMa TpaHCMeMOpaH-
Hoi cmipani 3rinHo 3 mporpamoiro TMHMM; ¢ — Bu-
s CalS1 B MemOpaHi. [loBruii mpsIMOKYTHUK BKasye
Ha MeMOpaHy. BepTukaibHi 4OpHi MITKM — 1Ie TpaHC-
MeMOpaHHi 3aBUTKHU, criipaii ¢pepmenty CalS1, a noBruit
MEeNTUAHUI JAHIIOT Y KOXHOTro HeMeMOpaHHOTO cer-
MEHTa BKa3y€e Ha KiJIbKiCTb aMiHOKMCJIOTHUX 3aJIUIIKIB [2]

Y pocIMHHMX TKAaHWHAX BCTAHOBJIEHA HASIBHICTH JBOX
TUMIB KaJIO30CUHTETAa31, OJUH 3 SIKMX PETYJIIOEThCS i0Ha-
MM KaJibllito, a JIJIsl Ipyroro TUITY Kajblliii He MOTpiOHMI
(y nunkoBux TpyoOkax) [74], ToOTO Apyruil TUI Kajao30-
CUHTETa3u — HEe YYTJIMBUI A0 Kaiblito. O4eBUIHO, 1110
i aBa TMIM (DepMEHTY BillirparoTh MEBHY POJIb Y Tepe-
KJIIOYEeHHI (DepMEeHTY Ha CHMHTE3 LIe0JI03U i vac dhop-
MYBaHHSI KJIITUHHOI TUTACTMHKM [75] Ta npu MopaHeHHi,
KoOJIM HeoOXimHo 3anydeHHs Ca?"-uymimBoro 6iika. He-
00XiHO 111e AOCHIAUTH (PYHKILIT aHEKCUHY, SIKUIT MOXe
BUKOHYBAaTH caMme Taky (yHKIi0 abo X (PyHKIIiT iHIIMX
OiJIKiB, TaKUX SIK CUHANTOAMiH, SIKMH KOHTPOJIIOE Il
npouecu [75]. MaeMo daxkT, mo pi3Hi i3odopmMu Ka-
JIO30CUHTETA3U €KCIIPECYIOThCS B Pi3HUX TKaHWHAaX [76,
77], i ue nae MOXJIMBICTb MPUIYCTUTH, 1110 (DePMEHTHI
KOMIUIEKCU KaJO30CUHTETa3u Ta LEI0JI030CUHTETa3U
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I'enn KaJi030CHHTETA3H, iX JOKATi3alis, pyHKii KaJi031 B POCIMHHMX KJiTHHAX [2, 4]

I'en xamo3ocuHTeTasn Jlokanizaltist Kajno3yu B KJIITUHI UM TKAaHWHi, (YHKILis ABTOp

CalS1 (Gsl-6), CalS2 (Gs1-3) LluTokines [2, 13]

CalS3 (Gs1-12) Arneprypa 1iasMoAecM, CUTHaTi3allist [4, 80]

CalS4 (GsI-9), CalS5 (Gsl-2) Po3BuTOK MUKy, picT MUIKOBOI TPYOKM, Y4acTb B TPAHCIOPT- [81, 82]
HUX Mpolecax, eJaCTUYHICTh 000J0HOK

CalS6 (Gsi-11), CalS7 (Gs1-7) CuToBUIHI MOpH, TIpU MaToreHesi, pJoeMHUil TpaHcropt T1a 3a-  [10, 45]
XUCT KJIITUH

CalS$§ (Gs1-4) YTBOpeHHs (iOpua 6aBOBHUKY, YU4acTh B POCTi KJIITUH [4]

CalS9 (Gsi-10), CalS10 (GsI-8)  Yonosiumii rameToreHe3, IMTOKiHE3, MPOAUXU, TPAHCTIOPTHI [4, 83, 84]
byHKIIIT, MIDKKTITUHHUI 3B'I30K

CalS11 (GsI-1) Po3Butok nmuiky B TeTpamax [83]

CalS12 (Gs1-5) Po3BUTOK MWIIKY, 3aXUCT KJITUH IIPU MaTOreHe3i Ta MOpaHEeHHi [82]

FKS1

3axuCT KJITUH TIpU MaToreHesi

[4]

HACTPOIOIOTHCSI HAa CTPYKTYpHi Ta OioXiMiuHi moTpedu
IIJIsT KOXHOI cIeliajiizoBaHoi TKaHMHM. OOMABi pomu-
HU OUIKIB Kajio30- Ta 1IeJII0JIO30CUHTETa3u TOMi0HI 3a
MeMOpaHHOIO JIOKaji3alli€lo, 10 HEeOOXiZHO IJIs CHH-
Te3y Ta BiIKJIagaHHs TaKuX IOJiMepiB, SIK Kajao3a Ta
Hemtoao3a. Y rigpodiabHOMY Iuieiidi calTy Kajao30-
CUHTeTa3u, caMe B 30Hi N-TepMiHaly, SIKMI € Tigpo-
GiTbHUM, iCHYE KiJIbKa CaMTiB IJIIKO3WIIOBaHHS Ta (oc-
dopwmoBaHHs. JlomycKaloTh HasIBHICTh YMCACHHUX Caii-
TiB w1 raiko3wmoBaHHg Ha UGT, gkuit mie sk cyo-
oguHung KanosocuHreraszu. Ockinbku UGTI1 ta SuSy
HE € TpaHCMeMOpaHHUMU JOME€HAMU, BOHU MOXYTb Oy-
TH 3B’s13aHi i3 KaJIO30CUHTETa3010 CIlel(piuyHUM 3B’S13-
KOM Ha rigpopo0oHoMYy HLIeidi.

Caxapo3ocuHreTtasa (Sucrose synthase, SuSy) Takox
JIOKAJTi3yEThCSl Y KINTUHHIN TUIACTUHLII, 1110 YTBOPIOETHCS.
[IpuxpiniaeHHs caxapo30CUHTETa3U 10 MeMOpaHuU pery-
JMOEThes (hOChHOPUITIOBAHHSM, a TaKOX IOoMepenHiM 0io-
CUHTe30M Kayio3u [78]. SuSy peryaoeTbesi BMiCTOM ypU-
nuHaugocdarrmoko3u (UDP-glucose), sika Mmoxe mepe-
Hocut UGT1 1o akTMBHOIO LIeHTpa KaJ030CUHTETAa3H,
yTBOpIOIoUM cyocTpatHuii KaHan [78]. Poab caxaposo-
CUHTETa3u B JOCTaBUi YpuAUMHAUGOCHATIIIOKO3U 10
KaJIO30CUHTETAa3M € IyKe BaKJIMBOIO, TOMY 1110 TOCTaBKa
cyOCTpaTy CUJIBHO BIUIMBAE Ha CUHTE3 Kajo3u [75].

T'enn, mo KomywTh Kajdo3ocuHTerasy. [IBi He3amex-
Hi rpynu BueHux [11, 79] mailxe ogHOYaCHO iIEHTU-
¢dikyBanu 12 reHiB KanozocuHTeTasu B Arabidopsis tha-
liana (Tabauiisl) Ta BCTAHOBWIM HOMEHKJIATYPY IS LIUX
TeHiB, OiJBLIICTh 3 SIKMX MOXOAAThH Bil CIiB, MOIIOHMX
o rmokaHcuHTeTasu («glucan synthase-like», a came mo
AtGSL1—AtGSL12). Y TOii Xe yac mi3Hillla HOMEHKJIa-
Typa MapkyBana AtCalS1—AtCalS12, 6a3yiounch Ha Ha3-
Bi kaymoszocuHreraza (callose synthase) [4]. Lli renm
eKCIpecyBajlld B Pi3HUX POCIMH Ta Pi3HUX THUIIaX TKa-
HUH 3aJIeXKHO Bil CTadil pO3BUTKY Ta OiOTUYHOIO 4u
abiOTUYHOIO CTpeciB. Y podoTaX KUTAMCHKUX HOCHiI-
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HUKiB [45, 83] Oynmu oxapakTepu3oBaHi (YHKII Ta
O3HaKM MEeBHUX IeHiB Ta iX TpaHCKPUIITIB.

Ha mouyatky mociimkeHb OpUIIycKalu, 110 ek dep-
MEHT (4M pepMEHTH) CUHTE3yIOTh Kajo3y Ta LEeII0JI03y
[85], moTiM BCTAaHOBWIM, IO AJISI CUHTE3Y Kajlo3U He-
0OXimHMIA Kanbliii abo ¢ochopumoBanus [40, 56, 78,
86]. I Bxxe mi3HilIe OyJI0 BCTAHOBJIEHO, IO IJIST iIXHBOTO
CHMHTE3y HeOoOXigHa HasBHICTb pi3HUX (GepMeHTIB [86].
XoHr 3i cmiBaBT. [2] BBaxawTh, 1110 12 TeHIB Kaja030-
CUHTETa3u PO3IMOIiIEHI B IT'SITU XpoMocoMax Arabidopsis
thaliana. bazywuuch Ha CTPYKTYypi T'eHa, X MOXHAa po3-
IITATU Ha OBi Irpynu. ['eHW mepiuoi rpymnu MiCTITh Bil
40 no 50 ek30HIB i KOAYIOTb NMENTUIH, 110 MalOTh 1923 —
1956 aMiHOKMCIIOTHUX 3aiullKiB. [eHU Opyroi rpymw,
mwo 3B’g3aHi i3 CalS11 ta CalS12, MaoTh TUIbKU 2—3
€K30HU i KOOyITh MENTUAM, SIKi MICTATH MeHiue 170
aMiHOKMCJIOTHMX 3aJU1IKiB Ha N -TepMiHaJIbHOMY KiHIIi.
CalS11 ta CalS12 e Ginbin OJM3bKi, HiX iHIII i30(ep-
MeHTU KajiozocuHTeTasu. CalS1 xapakTepu3yeTbcsl BU-
COKO10 Tomotorieto (10 92 %) i3 CalS2, i MOXJIMBO, 1[0
i 1Ba reH (yHKLIOHYIOTh SIK AyOJikaTu [2].

Kano3a Binkiaga€eTbcsl B MOpax CUTOBUAHMX ILIac-
TMHOK. Excrnpecis reHa GSL6 mokasaja HasiBHICTb
JIOKaJILHOTO BilKJIagaHHS Kajao3u Yy doemi Imicias il
komax [87, 46], tomi gk mpu Ail rpUOHMX IMAaTOreHiB
AKTUBYETHCS IHIIMII TeH KaJlo30CHMHTEeTa3u, a came
GSLS5 [45].

Haiikpame BuBueHo renu GslI-7 ta CalS1, siki BU-
3HAYalOTh CUHTE3 KaJ03u B CUTOBUIHMX Mopax ¢hioeMu
[10] Ta HOBOCTBOpEHiil KIITMHHIN 000JOHILII B Ipoleci
(opmyBaHHs ¢parmoruiacty BianosigHo [2]. 3okpema,
CalS7 € yHiKaJbHUM 4YIEHOM pPOJIMHU TE€HIB Kajl030-
CUHTETAa3M, 110 BiAIMOBIJAa€ 32 CUHTE3 KaJlo3U B 000JOH-
Kax Ta mnopax ¢aoemu. Xie et al. [10] BcraHOBMIM,
10 y aukoro tuny Arabidopsis thaliana nicnst moyatky
nepdopatliii proemMu Kano3a MOYMHAE BiAKIagaTUCS HaB-

KOJIO MEPBUHHOI KJIITUHHOI OOOJIOHKU i B CEepeaMHHIl
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IUIACTUHIII, TOMi SIK Y MyTaHTa 3a BiIMOBiAHUM T€HOM
(Gs1-7) cnoctepiraau BTpaTy CMHTE3y KajJo3U B ILJIa3MO-
JIeCMEHHUX TIopax i Ha moyatky nepdopallii, TOOTO Iipu
YTBOPEHHi CUTOBUIHUX IIOp. Y MyTaHTa Kajio3a He yTBO-
ploBajiiacsl HaBiTh IpY MopaHeHHi. BBaxkaeThcs, 1110 came
Kajo3a peryaoe (hJI0eMHUI TPaHCIOPT aCUMUIITIB yepes
opu CUTOBUIHUX TpyOoK coemu. lle moBemeHo 3a
Jonomoroo pagiomiyeHoro syrieuio (“CO,), 3okpema
MpU OOCTiIKEeHHI (DJIOEMHOT0 TpaHCHOPTY B cTebjax Ta
rinokotuisix apabimomncucy [10].

Jocnimxennsa reHa CalS1, akuii BiinoBinae 3a CUH-
Te3 KajJo3u y (pparMoIuiacTi KJIiTUH apabimorcucy, 3a
JIOTIOMOI0I0 MiU€HOIo 3eJieHOro (yopecuitoouoro Oi-
Ka, 110 MapKyBaB Kano3zocuHTeTazy 1 (CalS1), mano
MOXUJIMBICTh iIeHTU(IKyBaTU HasIBHICTb 3B’SI3aHOTO i3
dparmorutactoM  GepmeHty — YID-rimoKo30TpaHC-
depasu 1 (UGT1) [13]. Ten UGTI € n0KycOM KOAOHY,
KW KOAYE Kajo30CUHTeTady, HazBaHy CalS], mo mno-
Ka3y€e rOMOJIOTiI0 3 KaTAlITUYHOIO CYOONMHUILICIO APiXK-
mxeBoro FKS1-1,3-rmokancunrerazoro [88]. BinctaHb
Mix kKomytouumu 3oHamu CalS1 ta UGTI nopiBHIOE
ycboro 650 bp i micTuth Juine 3—9 HeTpaHCIbOBAHUX
30H. [lpunyckarots [2, 13], 10 mig yac LUTOKiHE3Y
eKCIIPeCyIOThCSl IBa IT€HM i caMme KaJlo3ocuHTeTasa 1
MoOXe OyTu crieuupiuyHuUM (bepMEHTOM ISl KIIITMHHOI
MIACTUHKU. JIOCTIMHUKY CHUHTE3yBaau IIpaiiMepu OJIiro-
HYKJICOTHUIIB, SIKi 3B’SI3YIOThCS i3 3aJMIIKAMU €K30HY B
KaJIo30CUHTEeTa3i, i BUKOHAJIM TPaHCKPUMLIiIHO-MOMIi-
mepasHy peakuito (RT—PCR), Bukopucrosyioun PHK
i3 MepucrtemMu cTebsa apabimomncucy. BoHu BcTaHOBHU-
g, wo CalS1 ¢GakTUYHO € CyOOAMHMLECIO KOMIUIEKCY
CalS |2, 13].

JocnimkeHHs ekcrpecii Tpbox TeHiB GSLS5, GSL6 Ta
GSL 11 Kano30CUHTETa3U MPU YPAKEHHI eImigepMaTbHUX
KJITUH JIMCTKIB Arabidopsis thaliana maTtoreHOM — TILIiC-
HSIBUM TpubOM Blumeria graminis okazayo, 1110 Ha MicCIli
BTOPTHEHHSI MaTOreHa YTBOPIOIOTHCS KaJlo3Hi Oap’epHi
npooku. MoJeKyJISIpHUMU MeTOJaMM i3 BUKOPUCTaH-
HsaM KinbkicHoro ITIHP-ananizy piBHss MPHK Tta ananiszy
nociinoBHocreit PMR4-1 BCTaHOBJIEHO, 1[0 CaM€ TeH
GSL5 xonye Oinku, 3B’s13aHi i3 CMHTE30M Kajo3U IIpU
naroreHesi [45].

CALLOSE: LOCALIZATION, FUNCTIONS
AND SYNTHESIS IN PLANT CELLS

O.M. Nedukha

M.G. Kholodny Institute of Botany of NAS Ukraine,
Kyiv
E-mail: o.nedukha@hotmail.com

References are analyzed concerning the key role of
callose in fragmoplast formation, differentiation of
pores in the phloem, course of microsporogenesis
and pollination, functioning of stomata guard cells,
protection of plant cells for biotic and abiotic stresses.
The special attention is given to consideration of
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callose functions and its synthesis. Callose synthase
is activated by the glucosides, polyamines, calcium
ions, magnesium ions, manganese ions, and also ABA
phytohormone. The gene polymorphism (AtCalSI1—
AtCalS12) of callose synthase is related with cell
growth, tissue and cell differentiation, and with cell
response to stress.

KAJIJIO3A: JIOKAJIM3ALUA, ®YHKINWU
N CUHTE3 B PACTUTEJIbHBIX KIIETKAX

E.M. Hedyxa

TIpoaHaIM3MpPOBaHbl JTUTEPATYPHBIE TaHHBIE O KIIOYE-
BOW POJIM KaJIJI03bl B 00pa3oBaHUU (hparMorriacTa, mop
BO (by1osMe, MPOXOXKAEHUU MUKPOCIIOPOTEHE3a U OIThI-
JIeHUsI, (PYHKLIMOHUPOBAHUM 3aMbIKAIOLIUX KJIETOK YC-
TBUII, B 3alIUTE PACTUTEIbHBIX KJIETOK MPU OUOTHYEC-
KUX ¥ abMoTHYecKnx cTpeccax. Ocoboe BHUMAHKE yIe-
JigeTcss (PYHKUMSIM Kajlo3bl M ee cuHTe3y. Kasroso-
CHHTETAa3a aKTUBMPYETCS IIIOKO3MIAMM, IOJIMAMUHAMU,
MOHAMM KaJblMsl, MAaTHUS M MapraHiia, a Takxke a0c-
nu3oBoit kucioroit. IMonumopdusm reHos (ArCalS1—
AtCalS12) Kamio30CUHTETa3bl, BEPOSITHO, CBSI3aH C POC-
TOM KJIETOK, Ou(PepeHLIMPOBKOI TKAHE U KIIETOK, a
TakKe OTBETOM KJIETKM Ha CTpecc.
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